Regulators increasingly pressure companies to reduce greenhouse gas (GHG) emissions. In the case of many large corporations, most emissions originate from supply chain operations. Consequently, firms often pass on external pressures to their suppliers by requesting them to implement low-carbon initiatives. While existing research suggests that external pressures from both regulators and customers are mostly effective in motivating environmental action among suppliers, it remains unexplored how organizational perception of risks and opportunities influences this relationship. The purpose of this paper is to examine empirically how the perception of climate change-related risks and opportunities moderates the influence of external pressures on a supplier's decision to adopt low-carbon supply chain management (LCSCM) practices. The sample consists of 877 companies from 37 countries that supply to large multinational enterprises. Secondary data is sourced from CDP's Supply Chain Program and other databases and statistically analyzed using binary logistic regression models. The results show that a supplier's decision to implement LCSCM practices is mainly determined by customer requests to reduce GHG emissions and the stringency and effectiveness of climate change policies in its home country. Contrary to theoretical predictions, little empirical evidence is provided for a moderating influence of perceived climate-related risks and opportunities. However, in most cases a company's perception of both risks and opportunities is directly and positively related to LCSCM. Firm size is also found to be influential, while profitability, an industry's GHG intensity, a country's economic development and the private sector's responsiveness to environmental issues do not significantly affect suppliers' behavior.
Introduction
Due to the need for action on climate change, companies are increasingly under pressure to adopt appropriate response measures (Hill, 2001) . Although the focus is often on large multinational corporations, typically only few suppliers of these corporations are responsible for the largest share of greenhouse gas (GHG) emissions. In the case of the retailing company TESCO, for example, suppliers are responsible for up to 85% of the company's carbon footprint (Tidy et al., 2016) . Moreover, it is estimated that in the US, on average, around three quarters of a company's total emissions are caused by supply chain (SC) operations (Matthews et al., 2008) . Consequently, suppliers are confronted with a growing number of requests from regulatory bodies and focal companies to adopt low-carbon supply chain management (LCSCM) practices (Jira and Toffel, 2013; Chen, 2015) .
Although pressures from external stakeholders tend to motivate suppliers to implement green supply chain management (GSCM) practices in general (Zhu et al., 2005; Delmas and Montiel, 2009; Sarkis et al., 2011) , the effectiveness of such pressures in the context of climate change remains understudied (Das and Jharkharia, 2018; Jabbour et al., 2018) . Furthermore, several authors have suggested that empirical research should focus more on the interplay between external and internal factors of GSCM adoption to reveal potential moderation effects (Kumar et al., 2014) . In this regard, Sarkis et al. (2011) argue that scholars should address the following two research questions: (1) How do "external and internal factors interactively promote GSCM practices?", and (2) "Why do heterogeneous responses to GSCM implementation from institutional pressures exist?".
Previous studies suggest that especially a company's perception of risks and opportunities might be a decisive factor for the effectiveness of external pressures in motivating suppliers to adopt GSCM practices (Cousins et al., 2004; Lo, 2013; Roehrich et al., 2014; Seles et al., 2018) . However, existing scholarly work suffers from two major limitations. First, it is predominantly conceptual in nature, and second, the primary focus on general environmental issues impedes its applicability to the particular issue of climate change (Das and Jharkharia, 2018) . Recent research suggests that organizational perception of climate change-related risks and opportunities should indeed be considered when studying corporate behavior, since their recognition can be a potential driver or barrier to the implementation of emission reduction initiatives (Alves et al., 2017; Chen and Montes-Sancho, 2017; Elijido-Ten, 2017; Sakhel, 2017) .
Motivated by the above-mentioned research gaps, the objective of the present study is to analyze empirically how corporate perception of climate change as risk or opportunity moderates the relationship between external pressures to reduce GHG emissions and a supplier's decision to adopt LCSCM practices. Since being a primary source of external pressure, we focus on two important stakeholder groups: regulatory bodies and customers. As pointed out by Sarkis (2018) , broad perspectives are needed to reveal general principles of GSCM. In response to this, we provide a comprehensive global perspective by not limiting the scope of our empirical analysis to specific industries or countries. In doing so, we bring together two streams of literature, namely research on GSCM and research on business responses to climate change, and make the following contributions. First, we analyze whether pressures from customers and regulatory bodies are effective in motivating suppliers to act on climate change. We thus add empirical findings to the growing body of literature that examines the importance of external stakeholders for GSCM. Second, by drawing on SC risk management and organizational decision-making theories, we investigate how intra-organizational factors (i.e. a company's perception of perceived climate risks and opportunities) and external factors interactively promote the adoption of LCSCM.
The remainder of this article is structured as follows. In the next section, we review the literature on GSCM and outline potential risks and opportunities associated with climate change. In the third section, we build on existing research and organizational theories to derive research hypotheses. Subsequently, we introduce our data collection approach and the statistical methods used. Finally, we present and discuss our empirical results in consideration of possible implications for practitioners and future research.
Research framework

Low-carbon supply chain management
The issue of reducing GHG emissions in the supply chain is closely related to the concept of GSCM. Numerous scholars have addressed the topic of greening supply chains (Sarkis et al., 2011; Zhu et al., 2012) . GSCM is concerned with the integration of environmental management into intra-and inter-organizational SC practices (Sarkis et al., 2011; Zhu et al., 2012) . According to Zhu et al. (2012) , a distinction can be made between external GSCM practices "that include transactions with suppliers and customers" (e.g. green purchasing, customer cooperation, investment recovery) and internal GSCM practices, i.e. "activities without direct supplier or customer involvement such as eco-design, environmental management, and financial policies within a manufacturer's direct control". We view SC management in the context of climate change as a subset of the broader concept of GSCM. Instead of comprehensively addressing a variety of environmental problems, LCSCM focuses on activities aimed at managing and reducing the carbon footprint of supply chains (Das and Jharkharia, 2018) . LCSCM is closely related to the concept of lowcarbon operations management as put forward by Böttcher and Müller (2015) and defined as "the integration of carbon efficiency in the planning, execution and management of business processes" and entailing lowcarbon products, production, processes and logistics . In accordance with the overarching GSCM concept, we propose to distinguish between external (e.g. collaboration with other supply chain actors on carbon emissions) and internal LCSCM practices (e.g. design of low-carbon products, reduction of production-related GHG emissions, carbon management system).
Extant literature has explored the determinants of GSCM practices, including factors external to a firm, such as legislation, buyer requirements, competition, or pressures from consumers (Sarkis et al., 2011; Diabat and Govindan, 2011; Zhu et al., 2012; Govindan et al., 2016) . Scholars have also examined relationships between supply chain actors (Klassen and Vachon, 2003; Vachon and Klassen et al., 2008) and the role of organizational characteristics and resources for GSCM implementation (Zhu et al., 2008; Muduli et al., 2013; Jabbour et al., 2014) . Another stream of literature has looked at the outcomes of GSCM, both in terms of financial and environmental performance (Zhu and Sarkis, 2004; Zhu et al., 2005) . Studies that focus specifically on climate change issues are fewer in number (Das and Jharkharia, 2018; Jabbour et al., 2018; ) . Although climate change is one of the most pressing environmental issues, "the literature still remains fragmented along narrow research areas and several interdependencies between climate change and SC management are not well documented" (Dasaklis and Papis, 2013) . Despite this knowledge gap, some empirical work indicates that drivers and barriers (Jira and Toffel, 2013; Fernando and Hor, 2017; Jabbour et al., 2018; Luo et al., 2018) and performance outcomes (Böttcher and Müller, 2015; Mao et al., 2017) of LCSCM are similar to those of GSCM.
Climate change risks and opportunities
Many companies have only recently started to integrate climate change into their risk management (Sakhel, 2017) . In general, climate risks can be defined as "any corporate risk related to climate change or the use of fossil fuels" (Hoffmann and Busch, 2008) . While there are risks related to the physical dimension of climate change, i.e. the increased likelihood of extreme weather events such as heat waves, floods and storms, other risks mainly arise from climate-related regulation that aims at mitigating the adverse effects of global warming (Gasbarro et al., 2017) .
Climate change can pose a risk to both suppliers and buyers (Cousins et al., 2004) . Physical climate impacts can lead to disturbances in the SC, e.g. when critical infrastructure is damaged or due to shortages in raw material supply (Dasaklis and Pappis, 2013; Alves et al., 2017) . Apart from that, buyers might not want to rely on suppliers that are based in regions particularly vulnerable to natural hazards. Besides threats related to the physical impacts of climate change, there are also indirect SC risks attached to climate change mitigation. Unsatisfactory environmental performance of upstream companies increases the indirect carbon footprint of downstream customers and can degrade their reputation (Cousins et al., 2004; Delmas and Montiel, 2009) . Moreover, buyers might face financial risks if they possess a carbon-intensive SC, since costs for raw materials and energy might increase due to carbon taxation and could be passed along by suppliers (Lash and Wellington, 2007) . Regulators could also halt the operations of non-compliant suppliers and, as a result, buyers might turn to suppliers that exhibit more ambitious action on climate change (Delmas and Montiel, 2009) . Consequently, an increasing number of companies are requesting their suppliers to disclose carbon-related information, to implement GHG management systems and to integrated requirements into their supplier selection procedures (Jira and Toffel, 2013; CDP, 2017) .
Climate change can also provide opportunities (Gasbarro et al., 2017) . In line with the definition of climate risks, we define climate opportunities as any corporate opportunity related to climate change or the use of fossil fuels. Acting proactively on environmental issues can save energy-related costs, coincide with the development of valuable organizational capabilities and increase reputation leading to competitive advantages (Hoffman, 2005; Hart, 1995; Hopkins, 2010) . To capitalize on the opportunities attached to climate change, companies should implement appropriate SC management strategies. Customersupplier collaboration in innovation processes for low-carbon products, for example, might result in early-mover advantages and therefore improve the SC's overall competitiveness (Dasaklis and Pappis, 2013) .
Suppliers that are specialized in environmentally friendly or climateresilient products could also benefit from a growing demand of such goods from downstream customers (Alves et al., 2017) . Moreover, if upstream companies achieve cost savings due to mandatory GHG emission reductions, downstream buyers might benefit from lower procurement prices for their inputs.
Previous studies usually distinguish between different types of SC risks and opportunities (e.g. regulatory, market, physical), but often do not sufficiently account for differences in the scope of risk exposure along the SC (Cousins et al., 2004; Lo, 2013) . Sussman and Freed (2008) argue that companies can face direct climate risks and opportunities regarding their core operations, but also indirect ones that impact their upstream and downstream SC. In line with the distinction between internal and external LCSCM practices proposed in the previous section and a study by Meinel and Abegg (2017) , we propose to differentiate between (1) internal climate risks and opportunities that exist within organizational boundaries of supply chain organizations; and (2) external climate risks and opportunities that are outside of the boundaries of a firm and affect other companies in the supply chain network.
Hypotheses development
In the following, we summarize previous research and build on organizational theories to derive hypotheses for the present study. The resulting conceptual framework and hypothesized relationships are illustrated in Fig. 1 , which also shows factors that were used as control variables in the empirical analysis (see Section 4).
External pressures to reduce GHG emissions
Stakeholder theory suggests that organizations produce externalities that affect individuals or groups of individuals, who consequently have a 'stake' in a company's operations (Freeman, 1984 ). An organization's capability to manage stakeholder demands is crucial for the achievement of corporate sustainability and increased stakeholder pressure can trigger environmental action (Hart, 1995; Sarkis et al., 2011) . Especially regulatory bodies, investors, customers and the public are considered important external stakeholders in the context of environmental issues (Henriques and Sadorsky, 1999; Hsu et al., 2013) . In this study, two types of stakeholder pressures are of particular interest: demands from downstream companies to reduce GHG emissions and the exposure of a firm to climate change regulation. From an institutional theory point of view, customers and regulatory bodies are a source of normative and coercive forces, respectively (DiMaggio and Powell, 1983) . According to DiMaggio and Powell (1983) , coercive forces stem from "formal and informal pressures exerted on organizations by other organizations upon which they are dependent and by cultural expectations in the society within which organizations function". Normative forces are the result of professionalisation processes that occur within a certain occupational field.
Downstream companies have a vested interest in their suppliers' operations and thus often require compliance with environmental standards (Jira and Toffel, 2013) . The resulting socially-constructed expectations threaten a supplier's legitimacy and result in normative pressures from customers and the market (Zhu and Sarkis, 2007; Sarkis et al., 2011) . If suppliers fail to satisfy such demands, buyer pressure might increase or buyers might choose to source from more proactive suppliers (Delmas and Montiel, 2009) . Regulators, in turn, can exert coercive pressures on supply chain companies through the enforcement of laws and standards (Hsu et al., 2013) . Organizations around the world are increasingly subject to policies that aim at engaging the private sector in climate change mitigation (Hill, 2001; Jira and Toffel, 2013) . Governments are powerful institutions that are able to influence corporate behavior through various instruments, such as fines, penalties or trade barriers. In consequence, coercive pressures often result in the adoption of environmental management practices (Sarkis et al., 2011) .
While research in the context of GSCM is abundant and overwhelmingly posits a positive relationship between customer requests and GSCM practices (Vachon et al., 2009; Hsu et al., 2013) , suppliers' reactions to such pressures remain relatively unexplored in terms of climate change mitigation. Concerning general environmental issues, Zailani et al. (2012) show that the presence of customer pressure can be positively associated with eco-design practices. Delmas and Montiel (2009) have demonstrated that especially new suppliers and those engaged in dependent relationships with their buyers are likely to comply with buyer requests to implement environmental management systems. With regard to climate change, Jabbour et al. (2018) systematically analyzed the existing literature to identify general motivations, drivers and barriers to the adoption of low-carbon practices. The authors conclude that the following factors are most influential: economic, political/regulatory, technological, governance and market. An investigation of firms across countries and industries by Jira and Toffel (2013) revealed that suppliers are more likely to exchange carbon-related information if they face requests from their customers. Similarly, an empirical investigation of Luo et al. (2017) suggests that coercive institutional pressures under the mediating role of top management commitment have a significant positive influence on low-carbon initiatives in the supply chain. We therefore propose: Fig. 1 . Theoretical framework.
M. Damert et al. Resources, Conservation & Recycling 136 (2018) 276-286 H1a. Suppliers are more likely to implement LCSCM practices when customers request them to implement such activities.
Another source of external pressure are laws and regulations. Together with other external forces, regulation motivates companies to implement GSCM (Hsu et al., 2013; Tachizawa et al., 2015) . Through the establishment and the enforcement of policies, governments can facilitate the adoption of corporate environmental management and initiate GSCM practices. Several researchers have outlined the effectiveness of such coercive pressures in driving GSCM in a multitude of settings (Sarkis et al., 2011) . Zhu and Sarkis (2007) revealed that regulatory pressure drives the adoption of eco-design and green purchasing and has a positive effect on environmental performance. We hence derive the following hypothesis:
H1b. Suppliers are more likely to implement LCSCM practices when exposed to regulatory pressure to reduce GHG emissions.
Organizational perception of climate change
In this study, we define corporate perception of climate risks (opportunities) as a company's identification and recognition of internal or external climate impacts that can negatively (positively) affect business operations and performance. Manager's beliefs and perceptions of environmental issues often are the basis for strategic and operational changes (Roome, 1992; Sharma, 2000; Okereke and Küng, 2013) . Researchers have found that managerial decision-making is influenced by the perception of an environmental issue as either risk or opportunity (Sharma, 2000) . According to Hahn et al. (2014) , such perceptions are determined by managers' cognitive frames, i.e. whether addressing environmental issues is viewed from a business case perspective or as being in conflict with other organizational objectives (paradoxical view). Moreover, depending on management characteristics, similar pressures from external stakeholders (e.g. from customer or regulators) can have a varying degree of influence on managerial perception and corporate environmental action (Henriques and Sadorsky, 1999) . Concerning climate change, both its direct and indirect impacts can lead to organizational responses, if perceived as potentially having significant impacts on business operations and competitiveness (Alves et al., 2017) . This is because perceived impacts will lead to an organizational belief in climate change and trigger adaptation processes aimed at enhancing a company's capability to cope with climate-related adverse effects (Bleda and Shackley, 2008) . Sharma (2000) showed that companies are more likely to adopt proactive strategies if environmental issues are framed as business opportunity. In turn, companies that perceive environmental issues as risks tend to adopt rather confirmatory environmental strategies. This observation is supported by a recent review of environmental strategy literature by Bui et al. (2017) , who propose a generic framework for how a company's framing of climate risks and opportunities translates into corporate behavior. The authors stipulate that market opportunities are primary determinants of proactive environmental action (e.g. eco-design and pollution control and prevention), whereas risks merely lead to reactive responses (e.g. lobbying and emissions compensation through carbon offsetting).
The positive connection between perceived opportunities and proenvironmental organizational behavior can be explained by the natural resource-based view (RBV) of a firm which implies an 'it pays to be green' relationship between environmental action and financial performance (Barney, 1991; Hart, 1995) . Although companies often view climate change efforts rather as a cost driver than as a source of financial gains (Seles et al., 2018) , investments in emission reductions can go hand in hand with improvements in energy and resource efficiency and thus save costs (Mao et al., 2017) . Acting proactively on environmental issues can also coincide with the development of valuable organizational capabilities, such as assets, knowledge or learning processes, leading to competitive and first-mover advantages (Hart, 1995; Hoffman, 2005; Sarkis et al., 2011; Seles et al., 2018) . A growing demand for low-carbon products caused by environmental legislation might yield financial benefits to those firms who possess the relevant technological expertise (Gasbarro et al., 2017) . What is more, signaling proactive action on climate change can improve a company's reputation, attract investors and environmentally conscious costumers and therefore enhance market and brand value (Hopkins, 2010; Seles et al., 2018) . All in all, it might be more attractive for companies to exploit climate-related business opportunities than to address climate-related risks (Bui et al., 2017) .
Empirical results of recent studies on the relationship between organizational perception of risks and opportunities and action on climate change are relatively ambiguous. Abreu et al. (2017) highlight that companies in the energy sector tend to be more proactive in implementing GHG reduction strategies the greater the level of perceived risks is. Chen and Montes-Sancho (2017) show that the effect of perceived threats on a company's decision to implement carbon abatement activities depends on the scope of risks. While production-related risks were positively correlated with environmental technology adoption, the opposite relationship applies to product-related risks. By analyzing the world's largest companies, Elijido-Ten (2017) found support for the theoretical assumption that the perception of environmental risks is associated with a rather weak environmental performance. We therefore propose the following research hypothesis:
H2a. External pressures from customers and regulators are less effective in motivating suppliers to implement LCSCM, if suppliers perceive internal or external climate risks.
Although empirical research on the relationship between perceived climate opportunities and the decision to implement low-carbon initiatives remains scarce, previous results mainly suggest a positive correlation and thus support theoretical reasoning (Bui et al., 2017) . Okereke (2007) concludes that climate management activities are mainly driven by an expected increase in profits due to cost savings that are achieved through emission reduction activities. Firms thus often try to leverage competitive advantages and increase profits through investments in low-carbon products and processes (Okereke and Russel, 2010; Böttcher and Müller, 2015) . Elijido-Ten (2017) points out that the perception of all kinds of climate opportunities can be positively correlated with climate action. Consequently, we derive the following hypothesis:
H2b. External pressures from customers and regulators are more effective in motivating suppliers to implement LCSCM, if suppliers perceive internal or external climate opportunities.
Research design
Data and sample
We primarily relied on data from CDP (formerly known as Carbon Disclosure Project), which has proven to be a valuable source of information for research on firms' responses to climate change (Jira and Toffel, 2013) . CDP is regarded as the world's largest database on firmlevel climate change-related data. In 2016, 827 investors with $100 trillion of assets represented by CDP reached out to about 5600 companies with participating firms diversely distributed across countries and industries. CDP also runs a Supply Chain Program, in which 100 of the largest purchasing organizations engage their suppliers in carbon disclosure to better measure and manage SC related risks and opportunities.
For our analysis, we extracted information from responses to CDP's Supply Chain Program in 2013 and 2014. We decided to not restrict our sample regarding sector, country or firm size. For reasons of consistency, we only considered companies that answered the CDP Supply Chain questionnaire but not the CDP Investor questionnaire in a given year and which provided information on all relevant questions to avoid biased results due to missing data. From 1625 and 1871 publicly available responses in 2013 and 2014, respectively, 1051 questionnaires from 887 companies fulfilled our sampling criteria.
Subsequently, we obtained data on a sector and country level to account for different contextual factors. Specifically, we complemented our dataset with sector-level financial information from Thomson Reuters' WorldScope database and GHG emission data from TruCost. We added country-specific data from the World Bank, the European Bank for Reconstruction and Development (EBRD), the Environmental Sustainability Index (Esty et al., 2005) , and the non-governmental organization (NGO) GermanWatch. We could not match this kind of information with ten CDP questionnaires, leaving 1041 firm-year observations from 877 suppliers and 37 countries in our final sample. Table 1 presents information about company size and country of origin (based on the location of companies' headquarters), industries (based on 2-digit GICS code) and years. We distinguished between small and medium-sized companies (SMEs) and larger companies based on the categorization in the CDP questionnaire. Because most companies in our sample are privately held and do not publicly disclose company data, we could not obtain more detailed information on organizational characteristics (e.g. revenues or number of employees).
Measures
Dependent variables
We created three dichotomous variables to measure firms' internal LCSCM practices. The first was Low-carbon initiatives, indicating if firms have adopted emission reduction activities in the reporting year (coded with "1") or not ("0"). For this, we used question 3.3 "Did you have emissions reduction initiatives that were active within the reporting year (this can include those in the planning and implementation phases)?" in the CDP Supply Chain questionnaire. The second variable Emission target was created to check for the presence of corporate emission reduction targets. We relied on CDP question 3.1 "Did you have an emissions reduction target that was active (ongoing or reached completion) in the reporting year?". The corresponding variable was assigned a value of "1" if a company responded with "Yes", and "0" in the case of "No". Third, we examined whether climate change is of strategic importance for the analyzed companies by creating the dichotomous variable Climate strategy. It assumed the value of "1" if a firm responded affirmatively to question 2.2 "Is climate change integrated into your business strategy?" in the CDP questionnaire and "0" otherwise.
We checked for external LCSCM practices by investigating existing collaboration within the SC. By relying on CDP question 14.4 "Do you engage with any of the elements of your value chain on GHG emissions and climate change strategies?", we created two dichotomous variables for external LCSCM practices: Customer collaboration and Supplier collaboration, which were coded with "1" if a company indicated that it cooperates with its customers and suppliers, respectively, and "0" if not.
Independent variables
Two independent variables were used to test our research hypotheses H1a and H1b. First, to assess whether customers exert pressure to reduce GHG emissions, we created the dichotomous variable Customer pressure. It assumed a value of "1" if a company responded affirmatively to question SM2.2a in the CDP Supply Chain questionnaire "Have requests or initiatives by [downstream] CDP Supply Chain members prompted your company to take organizational-level emission reduction initiatives?", and "0" otherwise. The second variable was Regulatory pressure. We measured this variable by using data from the Climate Change Performance index (CCPI) and the Climate Laws, Institutions and Measures Index (CLIMI). The CCPI is published on an annual basis by the NGO GermanWatch and provides yearly rankings and scores of the performance of 58 countries that together are responsible for about 90% of global energy-related CO 2 emissions (Burck et al., 2014) . The CLIMI captures the "quality and depth of climate policies, measures, laws and institutions across a wide range of countries" (European Bank for Reconstruction and Development (EBRD, 2011). We only kept companies in our sample whose country of origin was rated in both the CCPI and CLIMI. To account for both the stringency and the effectiveness of a country's climate policy regime, we calculated the average of the CCPI and CLIMI after standardizing the index scores.
Moderating variables
We created several variables to measure the perception of internal and external climate risks and opportunities. In their survey, CDP asks companies to state if they "have identified any risks [or opportunities] that have the potential to generate a substantive change in your business operations, revenue or expenditure" (questions 5.1 and 6.1). In this context, firms can, inter alia, indicate the drivers for such risks and opportunities (legislation, physical climate parameters, other), the likelihood and magnitude of potential impacts, the timeframe and scope. Regarding the scope, CDP distinguishes between (1) direct risks/opportunities affecting a company's own business, and (2) risks/opportunities for a company's clients or suppliers, which is congruent with the differentiation proposed in Section 2.2. Therefore, we classified all direct risks and opportunities as internal climate risks and all indirect risks and opportunities as external to a company. We then created four dichotomous variables that measure both the perception of a risk or opportunity and the scope: Internal risks, External risks, Internal opportunities, and External opportunities. These variables were coded "1" if a firm stated any internal or external climate risks or opportunities (regardless of the risk driver, the likelihood, the potential impact or the timeframe), and "0" otherwise.
Control variables
We employed two control variables on a firm level that have often been adduced to explain variation in corporate environmental action: Resources, Conservation & Recycling 136 (2018) 276-286 firm size and financial performance (Zhu and Sarkis, 2007; Jira and Toffel, 2013) . Larger firms are more likely to exhibit ambitious action on climate change because of easier access to financial and human resources and a greater public visibility leading to pronounced external pressure. Economic performance, in turn, is closely linked to the financial health of a company. More profitable companies tend to possess more available capital which can be invested in low-carbon measures (Hart, 1995; Luo and Tang, 2016) . Firm size was used as a control by including the dummy variable SME, coded with "1" if a firm was smalland-medium sized, and "0" if a firm was larger in size. We furthermore accounted for differences in financial performance. Because many firms in our sample are privately owned, most financial data was not publicly available. In line with Jira and Toffel (2013), we therefore approximated the profitability of a firm by calculating the median profit margin (net profit divided by revenues) of a firm's industry group (4-digit GICS code) in a firm's home country. Relevant financial data was obtained from the Thomson Reuters WorldScope database. We used the median instead of the average value of profit margin to avoid biased results due to outliers. Research has shown that more GHG-intensive industries are exposed to greater external pressure to contribute to climate change mitigation (Luo and Tang, 2016) . Therefore, we controlled for the GHG intensity on sub-industry-level (6-digit GICS code) based on data from TruCost by calculating the ratio of metric tons of CO 2 per million U.S. dollars of revenues. To reduce skewness, we used the natural logarithm of the resulting variable GHG intensity in our statistical analysis.
We also employed controls for country-specific factors that might affect the decision to implement emission reduction initiatives. First, we used the indicator Private sector responsiveness from the Environmental Sustainability Index (Esty et al., 2005) to capture the extent to which companies generally respond to environmental issues in a certain country. Second, like Jira and Toffel (2013) , we also included a supplier's home country's GDP per capita in real 2013 US dollars in our model, obtained from the World Bank. A Year 2014 dummy variable was used as a control variable to account for differences in climate change responses between 2013 and 2014. Table 2 reports descriptive statistics for all variables.
Statistical analysis
We used the following binary logistic regression model to test our hypotheses:
where y ijct refers to whether a firm (i) in industry j located in country c implemented LCSCM practices in year t. F(·) depicts the logistic function, while X ijct refers to the independent variables Customer pressure and Regulatory pressure. M ijct refers to the moderating variables Internal risks, External risks, Internal opportunities, External opportunities. The interaction term X M ijct ijct refers to the moderation effects; and ε ijct represents the error term. The term η jct accounts for the effect of firm size on the decision to pursue emission reduction initiatives. The term μ ct refers to all control variables at industry level, including GHG intensity and Profit margin. The term s it captures the effect of country-level factors, including GDP per capita and private sector responsiveness. Lastly, ξ t refers to the Year 2014 dummy variable that differentiates between the reporting years 2013 and 2014. To facilitate the interpretability of results, we used standardized values for all variables in the regression analysis.
Results and discussion
Bivariate correlations are depicted in the Appendix. Table 3 presents the regression results for the three internal LCSCM practices Low-carbon initiatives, Emission target and Climate strategy and Table 4 for the two external LCSCM practices Customer collaboration and Supplier collaboration. For each dependent variable, we conducted a four-step logistic regression analysis using maximum likelihood estimation. To see if adding a block of predictors to the model has a significant impact on the model's fit, we calculated chi-square statistics (Allison, 2014) . Evidence of moderation exists when interaction terms account for significant step variances in a dependent variable, either individually, signified by the coefficients, or collectively, signified by chi-square statistics (Dean and Snell, 1991; Hayes and Matthes, 2009) . To account for heteroscedasticity and non-independence of suppliers' responses in 2013 and 2014, we report robust standard errors clustered by supplier. Non-significant Hosmer-Lemeshow tests, Nagelkerke's R² values between 0.144 and 0.247 and significant chi-square statistics suggest that the models represent a good fit for our data. Because of the low degree of correlation between the variables (see Appendix) and variance inflation factors all below a value of 2, multicollinearity should not be a cause for concern.
Determinants of internal LCSCM practices
Compared to the baseline models that only include the control variables (Models 1a, 2a, 3a) , the inclusion of the two independent variables Customer pressure and Regulatory pressure (Model 1b, 2b, 3b) significantly improves the models' fit. Additionally, both independent variables exercise a significant positive effect on all dependent variables. We therefore conclude that the hypothesized pressures from customers and regulation significantly improve our understanding of a supplier's decision to implement internal LCSCM practices. H1a and H1b are hence supported.
The inclusion of the four variables that account for perceived risks and opportunities further improves the models' fit. Interestingly, they have a significant direct and positive influence on all internal LCSCM variables (Models 1c, 2c, 3c) . Adding the interactions between external pressures and risk and opportunity perception, however, only significantly improves Model 1d. In line with H2a, the interaction term Customer pressure X Internal risks has a significant negative coefficient (β = −0.901; p < 0.05) concerning the adoption of low-carbon initiatives. Nevertheless, we could not find additional support for Hypotheses 2a and 2b. Contrary to our expectations, the perception of external opportunities negatively moderates the effect of Regulatory pressure on Low-carbon initiatives (β = −0.286; p < 0.01), while Internal opportunities negatively moderates the effect of Regulatory pressure on Climate strategy (β = −0.604; p < 0.01).
Regarding the control variables, Model 2d suggests that SMEs are significantly less likely to adopt emission targets (β = −0.930; Resources, Conservation & Recycling 136 (2018) 276-286 p < 0.001). Moreover, Private sector responsiveness is negatively associated with Emission targets (β = −0.132; p < 0.1; Model 2d) and GDP per capita is negatively linked to Low-carbon initiatives (β = −0.082; p < 0.1; Model 3d). The models indicate no effect of Median profit margin and partly a weak effect of an industry's GHG intensity.
Determinants of external LCSCM practices
The models that do not include the moderating variables and interaction effects provide support for H1a and H1b (Models 4b and 5b), since pressure from both customers and regulation increases the likelihood of collaborating with customers and suppliers on climate change issues. Adding moderators and moderation effects to the models weakens the influence of the external pressure variables, but increases the models' fit (Models 4c, 4d, 5c, 5d).
As with internal LCSCM practices, the moderating variables exhibit a direct positive and significant relationship with external LCSCM practices, except from External risks, which is not related to Supplier collaboration. Again, no support is provided for H2a and H2b. To the contrary, External risks have a positive moderating influence on the relationship between Regulatory pressure and Supplier collaboration (β = −0.365; p < 0.01). Moreover, a negative influence is exercised by the interaction term Customer pressure X Internal opportunities on both customer (β = −0.905; p < 0.001) and supplier collaboration (β = −0.947; p < 0.001), and by the variable Regulatory pressure X External opportunities on Supplier collaboration (β = −0.346; p < 0.1).
When examining the control variables, it can be seen that SMEs are significantly less likely to collaborate with customers and suppliers. Moreover, an industry's GHG intensity can have a positive effect on the decision to collaborate with customers. In most models, we could only find weak or no evidence for the influence of financial performance (median profit margin), a country's private sector responsiveness to environmental issues, and GDP per capita.
Discussion of results
The results show that when suppliers are pressured by their customers or environmental regulation, they are more likely to implement both internal and external LCSCM practices. Especially buyer requests to reduce GHG emissions are of particular importance in this regard, which is in accordance with predictions from institutional theory and previous studies ( 2013 ). Having said that, the perception of internal risks can mitigate the positive effect of normative pressures from customers on a supplier's decision to implement emission reduction activities. This finding provides support for the argument that companies tend to behave reactively when confronted with risks (Bui et al., 2017) . We furthermore showed that the perception of external risks can complement the positive effect of regulatory pressure on a supplier's decision to cooperate with its suppliers on climate change issues. Having said that, the employed theoretical arguments cannot explain why this relation does not apply to customer collaboration. A surprising finding concerns the negative moderating effect of opportunity perception. In some cases, we found that especially a company's perception of internal climate-related opportunities undermines the effectiveness of external pressures in triggering LCSCM practices. Contrary to the theoretical predictions, perceived climate opportunities for a company's business might thus substitute the effect of coercive regulatory or normative buyer pressures. Although a detailed investigation of this relation is beyond the scope of our analysis, we have two possible explanations. Companies that perceive climate change related opportunities and are simultaneously exposed to external pressures might be frontrunners that have already implemented LCSCM practices before the analyzed time period. A second reason for the observed finding could be that such companies perceive opportunities as being primarily associated with regulatory compliance and consequently adopt a merely compliant and reactive position.
Our analysis also indicates that the perception of both climate risks and opportunities is directly associated with a higher likelihood of implementing LCSCM practices. While the positive direct effect of opportunity perception is in line with previous studies (Elijido-Ten, 2017) , the positive effect of risk perception is clearly in contrast to theoretical assumptions, but coincides with findings of Abreu et al. (2017) . Our results suggest that climate-induced threats to a supplier's operations and to those of other supply chain actors can indeed motivate companies to act proactively on climate change. The results, however, show that internal risks and opportunities are more influential than external ones which do not directly affect a company. Additionally, perceived opportunities are generally more effective in triggering LCSCM measures than perceived risks, being in line with previous studies (ElijidoTen, 2017) . 
Conclusions
Our research aimed at understanding the determinants of suppliers' LCSCM practices. For this, we brought together notions from the literature on SCM and corporate responses to climate change. Our study contributes to the emerging literature that addresses the question of whether pressures from customers and regulators represent a driver for implementing LCSCM practices and how organizational factors influence this relationship. The empirical results underline the pivotal role of both buyers and policy-makers as external stakeholders, but are ambiguous concerning the moderating influence of perceived climate change risks and opportunities.
Our findings connect to previous studies that examined the role of external pressures for environmental action in the SC (e.g., Delmas and Montiel, 2009; Jira and Toffel, 2013) . The empirical results suggest that customer requests to reduce GHG emissions are generally effective in triggering action among suppliers. Downstream companies are thus important external stakeholders and facilitators for reducing SC-related carbon emissions. Several studies have furthermore attested the importance of climate regulation for reducing GHG emissions from the private sector (e.g. Böttcher and Müller, 2015; Luo and Tang, 2016) . We found that external pressures caused by stringent and effective climate policies are indeed determinants of LCSCM practices. Our research specifically suggests that the regulatory regime in a supplier's home country represents a major determinant for the decision to implement LCSCM measures.
Based on the SC risk management literature, we established a differentiation of climate risks and opportunities into internal ones, which directly affect a company's core operations, and external ones, which mainly affect a company's customers and suppliers and are indirectly either detrimental or beneficial for a company's business. Based on literature on environmental management and organizational decisionmaking under uncertainty, we hypothesized that risk perception has a substituting effect and opportunity perception a complimentary effect on the effectiveness of external pressures in triggering LCSCM practices. However, we could find little empirical evidence for these moderation effects. To the contrary, the results suggest a positive direct relationship between the perception of all kinds of risks and opportunities and the decision to pursue LCSCM practices. Moreover, suppliers tend to respond more proactively to climate change issues when confronted with climate opportunities rather than risks.
Our research also offers valuable practical insights. First, downstream companies that have recognized the risks and opportunities attached to climate change might want to make their suppliers aware of such issues to stimulate effective action, e.g. through exchanging climate-related information. Second, as environmental awareness is growing, customers are increasingly putting pressure on their suppliers to reduce risks with regard to compliance and reputation. Our study provides scientific underpinning for the efficacy of such behavior.
Dedicated LCSCM measures, such as codes of conducts that include GHG reduction requirements, might motivate upstream companies to engage in LCSCM. Lastly, while most larger suppliers have adopted LCSCM practices, this does not apply to small-and medium-sized businesses. Therefore, smaller companies should receive financial or non-financial support from downstream customers. This finding also has implications for policy-makers, since regulatory bodies could equally provide such assistance and facilitate action.
Our findings are bound to several limitations that could be overcome in future research. First, the role of perceived risks and opportunities should be revisited. Our analysis comprised suppliers from various countries and industries and might thus neglect national or intra-industrial dynamics. Future studies might want to investigate specific industries and opt for alternative operationalisations of risk and opportunity perception. Second, a consecutive longitudinal analysis could provide insights into the temporal dynamics of the analyzed relationships. A long-term perspective could yield information about the evolution of LCSCM and its determinants. For this, our hypothesized relationships and regression models could be of valuable assistance. Third, we did not examine the performance outcome of LCSCM. Future studies should also include financial and environmental performance metrics in their analysis. This would help to evaluate environmental outcomes and address the question whether SC members can financially benefit from LCSCM. The fourth limitation concerns data availability. We could not obtain detailed information about the privately held companies in our sample, potentially affecting the validity of our results. Survey methods could overcome these issues and shed more light on LCSCM of smaller companies. Subsequent studies could furthermore extend the analysis of the influence of customer pressure by looking at the characteristics of buyers that request emission reductions (e.g. industry affiliation or market share). Lastly, future research should examine whether supply chain pressures might also work in the opposite direction. Our study rests on the assumption that downstream companies form a group of stakeholders that exerts most pressure on suppliers. However, little is known about the role of suppliers in forcing downstream companies to adopt low-carbon initiatives. This could be especially interesting in the context of SCs that exhibit a network rather than a vertical structure. 
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